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OBJECTIVES

The primary objective of the study was to develop an understanding of the stress-
strain relationship and other related geotechnical properties of cohesive materials such
as clays from a microstructural point of view.

To achieve the goals, it was proposed (1) to develop a numerical simulation tech-
nique based on the discrete element method (DEM), (2) to perform laboratory exper-
iments to acquire the necessary microscopic and macroscopic data, and (3) to use the
numerical tool developed in (1) and the data gathered in (2) to develop the desired
microscopic understanding.

Specific goals of the proposed study were:

1. development of a method of simulating bending of clay particles,

2. development of a method of quantifying the electrical double-layer repulsive

force between two nonparallel clay particles,

3. development of a method of quantifying the van der Waals attractive force

between two nonparallel clay particles,

4. development of a method of using theories developed in (2) and (3) above in
computing the interparticle physico-chemical force between two particles in an

assembly of many particles,
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. development of a suitable DEM strategy, including a variable time stepping

3
scheme,

6. development of a scalar, two-dimensional computer code,

7. development of a parallel, two-dimensional computer code,

8. Performing triaxial experiments on clays saturated in various chemicals (e.g.,
water, benzene, heptane, etc.),

9. Measuring, during one-dimensional compression and triaxial experiments, the
variation of fabric anisotropy with the aid of a nondestructive electrical method,
and

10. development of desired fundamental understanding using the computer codes
developed in (6) and (7), and the experimental data gathered in (8) and (9).
RESULTS

The goals (1) through (9) have been achieved completely. Significant progress has

been made towards achieving the goal (10).

The results of the study have been disseminated as follows: (a) six (6) journal

papers have been published and/or are in press, and three (3) journal papers have

been submitted for possible publication, (b) twelve (12) conference papers have been

written and presented and/or are scheduled to be presented, (c) three doctoral theses

have been published, (d) four journal papers are currently under preparation (from

the results of one of the Ph.D thesis; a copy of which is attached). In addition, during

the period of the project, five (5) invited lectures have been given on the basis of the

results from the study. The publications are listed below.
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Anandarajah, A. and Chen, J., “Single Correction Function for Retarded van
der Waals Attraction,” J. Colloid Interface Sci., Vol. 176, No. 2, 1995, pp.
293-300.

Chen, J. and Anandarajah, A., “Van der Waals Attractive Force Between Spher-
ical Particles,” J. Colloid Interface Sci., Vol. 180, 1996, pp. 519-523.

Anandarajah, A., “Structure of Sediments of Kaolinite,” Engineering Geology

(in press).

. Anandarajah, A. and Chen, J., “Van der Waals Attractive Force Between Clay

Particles in Water and Contaminant,” Soils and Foundations, Japanese Society

of Soil Mechanics and Foundation Engineering, June 1996, Vol. 37, No. 7.
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pression of Montmorillonite,” J. Coll. Int. Sci..

Chen, J. and Anandarajah, A., “Numerical Simulation of One-Dimensional Be-
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pp. 180-188.

Anandarajah, A., “Fabric Anisotropy and Its Relationship to Macroscopic Con-
stitutive Behavior of Clays,” 11th EMD Specialty Conf., ASCE, Fort Laud-
erdale, Florida, May 19-22, 1996.

Anandarajah, A., “Macroscopic Constitutive Behavior of Clays from Micro-
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